Abstract-The major component of turpentine is α-pinene and the main hydration product of α-pinene is α-terpineol. To obtain the optimal process design of α-terpineol production, some initial information regarding the principle of the thermodynamics and phase equilibrium are required. The aim of this paper is to present liquid-liquid equilibrium (LLE) of system containing α-pinene, α-terpineol and water. Ternary LLE for α-pinene, α-terpineol and water system was determined by experiment at the temperatures of 301, 327 and 353 K and atmospheric pressure. The three component mixture was stirred for about 30 min, then the mixture was left for about 2 h for complete phase separation. The composition of both phases was analyzed by using a Gas Chromatograph. The thermodynamic equilibrium models were proposed. LLE model in this study includes activity coefficient model based on NRTL and UNIQUAC models. The NRTL model (α = 0.2) correlates the LLE data for the system of α-pinene + α-terpineol + water at the temperatures 301, 327 and 353 K with RMSD of 0.5464%, 0.000169% and 0.0054%, respectively. The UNIQUAC model correlates the LLE data for the system of α-pinene + α-terpineol + water at the temperatures 301, 327 and 353 K with RMSD of 0.756%, 1.314% and 1.6615%, respectively. The LLE data for the system of α-pinene + α-terpineol + water were successfully correlated using the NRTL and UNIQUAC models at that temperatures.
I. INTRODUCTION
α-Pinene, one of the most widespread bicyclic monoterpenes, is a chiral compound obtained from turpentine. This compound which is used in the synthesis of a variety of chemicals, such as α-terpineol which is widely used as flavor in the cosmetic industry, as mineral flotation in the mineral benefit industry, and as antifungal and disinfectant in the pharmaceutical industry [1] . Therefore, the direct hydration of turpentine to synthesize α-terpineol has an important value in industrial application. During the process of α-terpineol production, some initial information regarding the principle of the thermodynamics and phase equilibrium are required.
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water is relatively scarce in the literature. LLE information for α-pinene + Δ3 carene + polar compound (acetonitrile, nitromethane, and dimethylformamide) systems has been studied [2] . Hengde Li studied the ternary LLE for water + ethanol + α-pinene, + β-pinene, or + limonene and quaternary LLE for water + ethanol + α-pinene + limonene systems at the temperature of 298.15K [3] . The authors also report data for ternary LLE for water + terpene + 1-propanol or 1-butanol systems at the same temperature [4] . Xiaoli Li studied the ternary liquid-liquid equilibrium for water + acetone + α-pinene, + β-pinene, or + limonene mixtures [5] and Ghizellaoui studied the LLE of water + 1-propanol + 1-pentanol system at 298.15 and 323.15 K [6] . Gramajo studied the LLE of water + linalool + limonene ternary system [7] and Bilgin studied the LLE of water + propionic acid + oleyl alcohol ternary system at several temperatures [8] .
This paper reports on the experimental data on liquid-liquid equilibrium of ternary mixtures of α-pinene + α-terpineol + water at the temperatures of 301, 327 and 353 K. It is generally believed that LLE are influenced by several factors including the nature of the components, concentrations in both phases, and temperature of the system [9] . To predict LLE in multi component system, it needs adequate equilibrium model. This paper also reports the theoretical studies on this system. NRTL [10] and UNIQUAC [11] models are used to correlate the phase equilibrium in the system using the interaction parameters determined from the experimental data.
II. EXPERIMENTAL α-Pinene was purchased from Alfa Kimia, Yogyakarta, Indonesia. The content of α-pinene is 99% w/w (Aldrich) and α-Terpineol is 90% w/w, technical grade (Aldrich), distilled water was purchased from General Lab, Yogyakarta, Indonesia.
Liquid-liquid equilibrium was determined at 301 and 353 K temperatures. The three component mixture was stirred for about 30 min, then the mixture was left for about 2 h for complete phase separation. The composition of both phases was analyzed. Concentration of each component was determined by using a Gas Chromatograph (GC). The analysis was performed with a Hewlett-Packard model 5890 gas chromatograph. The separation was performed using HP-5 capillary column and Flame Ionization Detector with helium as a carrier gas. The GC oven temperature was set at initial temperature of 80 o C, held for 5 min, increased at a rate 
III. RESULTS AND DISCUSSION
Liquid-liquid equilibrium for ternary system of α-pinene, α-terpineol and water was measured at 301, 327 and 353 K and atmospheric pressure. The experimental and calculated results were shown on Tables I to XVIII. Six effective binary interaction parameters are required for ternary system. The optimum NRTL and UNIQUAC binary interaction parameters were determined by minimizing the differences between the experimental and calculated mole fractions for each of the components over all the tie lines. The Root Mean Square Deviations (RMSD) has been defined as follows:
where M is the number of tie lines, x exp indicates the experimental mol fraction, x calc the calculated mole fraction, and subscripts i, j and k denote, respectively, component, phase and tie line. It is expected that the RMSD can represent the goodness of fit. In the UNIQUAC model, the values of volume and surface area parameter of pure component r i and q i , for water and α-pinene have been taken from literature [3] . The volume and surface area of the α-terpineol was estimated from the Bondi's method [12] . The pure-component molecular parameters, r i and q i were listed in Table XIX. In the NRTL model, the values of the non randomness parameter (α) was set as 0.2 and obtained from fitting.
The values of interaction parameters for the NRTL and UNIQUAC models at different temperatures are shown in Tables XX to XXIII. The deviation between experimental and calculated values, expressed in terms of the root mean square deviations (RMSD) defined by using (1). The experimental tie lines data and the correlated results of the ternary LLE of the α-pinene, α-terpineol and water system at 301, 327 and 353 K in terms of NRTL and UNIQUAC models are shown in Fig. 1, 2 and 3 . In fitting the models to the ternary LLE data, the two models well represented the ternary system. The NRTL model (α = 0.2) correlates the LLE data for the system of α-pinene + α-terpineol + water at the temperatures 301, 327 and 353 K with RMSD of 0.5464%, 0.000169% and 0.0054%, respectively. And the NRTL model (α = 0.68) at the temperature 301 K with RSMD of 0.0233%, the NRTL model (α=0.65) at the temperature 327 K with RSMD of 0.000049% and the NRTL model (α=0.64) at the temperature 353 K with RSMD of 0.0008%, between the experimental and calculated mole fractions.
The UNIQUAC model correlates the LLE data for the system of α-pinene + α-terpineol + water at the temperatures 301, 327 and 353 K with RMSD of 0.756%, 1,314% and 1.6615%, respectively. The results show that the RMSD for the ternary systems are less than 2%. In Fig. 4 the slope of tie lines changes slightly with the different temperatures.
The calculated points are relatively very close to the experimental ones, so it proves that the models proposed can well approximate the equilibrium data.
IV. CONCLUSION
The experimental data on liquid-liquid equilibrium of ternary mixtures of α-pinene + α-terpineol + water were obtained at the temperatures of 301, 327 and 353 K. The NRTL and UNIQUAC models were used to correlate the experimental LLE data. The optimum NRTL and UNIQUAC parameters were determined using the experimental liquid-liquid data. It was found that both the NRTL and UNIQUAC methods fitted satisfactorily to the experimental data. The results show that the RMSD for the ternary systems are less than 2%. 
